Introduction {#sec1-1}
============

Epithelial neoplasm may occur in the ocular surface epithelium. Although histological diagnosis is based on the analysis of simple histology, more definitive, but a simple diagnostic tool is needed to avoid misdiagnose and define the border between neoplastic and unaffected epithelia.\[[@ref1][@ref2][@ref3]\]

The transient receptor potential (TRP) channel superfamily consists of six different subfamilies in different animal types.\[[@ref4][@ref5]\] Each subfamily contains a set of members, each of which is widely and differentially expressed in various tissues. Each TRP member has signature activating ligands, and some are thermosensitive and mediate pleiotropic functions in the maintenance of tissue homeostasis and pathobiology of diseases. Some of the functions that TRP channels modulate include cell migration, proliferation, cell death, and nerve function. These cell behaviors exert cell type-specific actions, such as tissue repair, tumor growth, or modulation of inflammation.\[[@ref6]\] The TRP channel superfamily includes TRP vanilloid (V1--V4), TRP canonical^©^, TRP melastatin (M), TRP polycystin (P), TRP mucolipin (ML), TRP no-mechanoreceptor potential (N), and TRP ankyrin (A) subfamily. Each member of these subfamilies exhibits a specific expression pattern in human skin, which could be altered in neoplastic cells of cutaneous malignancy.\[[@ref7][@ref8][@ref9]\] The transient receptor potential vanilloid (TRPV) 3 signal is one of those whose expression is variable in these different cell types and reportedly involved in regulating corneal epithelial proliferation.\[[@ref10]\] We previously reported that TRP members are expressed in corneal layers\[[@ref11]\] and that these components modulate inflammatory fibrosis induced by an alkali burn. This tissue is composed of stratified epithelium and stroma and an innermost endothelial single-cell layer.\[[@ref12][@ref13][@ref14][@ref15][@ref16]\] Although the expression pattern of TRP family members in healthy cornea and conjunctiva as well as pterygium was described,\[[@ref17][@ref18]\] there are no available reports describing their expression pattern in ocular surface neoplastic lesions.

We previously reported that alterations of the expression pattern of components of the activator protein-1 transcription factor, one of the major signaling transmitters consisted of c-Fos and C-Jun proteins, could provide a marker of the level of malignancy in ocular surface neoplasm.\[[@ref1]\] In the current study, we examined the differential expression pattern of different TRP superfamily members. The results show that the TRPV2 and TRPV3 expression pattern is dissimilar between malignant and dysplastic cells and that in healthy conjunctival or pterygium epithelium.

Materials and Methods {#sec1-2}
=====================

The study was approved by the Institutional Review Board of Wakayama Medical University, Wakayama, Japan (Approval Number 1490), and complied fully with the Declaration of Helsinki.

Subjects {#sec2-1}
--------

Samples were collected from each patient at the Department of Ophthalmology, Wakayama Medical University Hospital, Wakayama, Japan, after receiving their informed consent between 2010 and 2015 \[[Table 1](#T1){ref-type="table"}\]. Excised tissue was fixed in 10% formalin and routinely embedded in paraffin. Sections were cut, rehydrated, and processed for histological diagnosis and immunohistochemistry for each of the following TRP superfamily members (TRPV1, TRPV2, TRPV3, TRPV4, and transient receptor potential ankyrin \[TRPA\] 1), as previously reported.\[[@ref1]\] In brief, each primary antibody was allowed to react overnight at 4°C. Antibody complex was visualized with Vector stain ABC kit (Vector Laboratories, CA, USA). Light microscopy was used to examine TRP channel expression patterns. The procedure of the antigen retrieval was not performed. Negative control staining was performed with the omission of the primary antibodies. Antibodies used are listed in [Table 2](#T2){ref-type="table"}.

###### 

Details of the subjects

  Case \#   Diagnosis                    Age   Gender
  --------- ---------------------------- ----- --------
  1         Healthy bulbar conjunctiva   28    Female
  2         Healthy bulbar conjunctiva   62    Female
  3         Pterygium                    71    Female
  4         Pterygium                    71    Female
  5         Epithelial dysplasia         73    Male
  6         Epithelial dysplasia         74    Male
  7         Carcinoma *in situ*          57    Male
  8         Carcinoma *in situ*          81    Female
  9         Carcinoma *in situ*          85    Male

###### 

Primary antibodies used in the study

  Primary antibody   Company     Dilution rate   Host
  ------------------ ----------- --------------- --------
  TRPV1              Neuromics   1:100           Rabbit
  TRPV2              ATLAS       1:200           Rabbit
  TRPV3              Bioss       1:200           Rabbit
  TRPV4              Abcam       1:200           Rabbit
  TRPA1              Osenses     1:100           Rabbit

TRPV: Transient receptor potential vanilloid, TRPA: TRP ankyrin 1

Results {#sec1-3}
=======

Histology {#sec2-2}
---------

Histology by hematoxylin and eosin staining indicated the diagnosis of each sample. Frames a, b, c, and d in [Figure 1](#F1){ref-type="fig"} show healthy bulbar conjunctiva, primary pterygium, epithelial dysplasia, and carcinoma *in situ*, respectively. Immunohistochemistry showed specific TRP expression patterns in each of the tissue samples, as described below. Negative control staining was performed with the omission of the primary antibody (data not shown).

![Histological characterization of hematoxylin and eosin staining patterns in different ocular tissue types. Frames a, b, c, and D show healthy bulbar conjunctiva, pterygium, epithelial dysplasia, and carcinoma *in situ*, respectively. Scale bar designates 100 μm](TJO-10-106-g001){#F1}

Transient receptor potential vanilloid 1, transient receptor potential vanilloid 4, and transient receptor potential ankyrin 1 {#sec2-3}
------------------------------------------------------------------------------------------------------------------------------

TRPV1 was mainly delimited in the cytoplasm of the epithelial cells throughout the layers in a normal healthy subject, pterygium, epithelial dysplasia, and carcinoma *in situ* \[Figure [2a](#F2){ref-type="fig"}-[d](#F2){ref-type="fig"}\]. TRPV4 immunoreactivity was present in the nuclei of each of the epithelial cell layers in a normal healthy subject, pterygium, epithelial dysplasia, and carcinoma *in situ* \[Figure [2e](#F2){ref-type="fig"}-[h](#F2){ref-type="fig"}\]. TRPA1 was detected in the cytoplasm and nuclei of epithelial cells in all the specimens regardless of the diagnosis \[Figure [i](#F2){ref-type="fig"}-[l](#F2){ref-type="fig"}\].

![Immunohistochemical characterization of transient receptor potential vanilloid 1, transient receptor potential vanilloid 4, and transient receptor potential ankyrin 1 expression patterns in ocular epithelial tissues. Transient receptor potential vanilloid 1 immunoreactivity was mainly present in all of the conjunctival epithelial layers in the cytoplasm irrespective of the presence or absence of pterygium, epithelial dysplasia, or carcinoma (a-d). Transient receptor potential vanilloid 4 was present in the nuclei throughout all the epithelial cell layers in a normal healthy subject, pterygium, epithelial dysplasia, and carcinoma (e-h). Transient receptor potential ankyrin 1 was present in the cytoplasm and nuclei of epithelial cells in all of the specimens regardless of the tissue diagnosis (i-l). Scale bar designates 100 μm](TJO-10-106-g002){#F2}

Transient receptor potential vanilloid 2 {#sec2-4}
----------------------------------------

The TRPV2 expression pattern differed dramatically among tissue samples obtained from subjects with a different diagnosis. This TRP isoform was observed in the cytoplasm of the epithelial basal layer cells of a normal healthy conjunctiva \[[Figure 3a](#F3){ref-type="fig"}\] and pterygium \[[Figure 3b](#F3){ref-type="fig"}\]. In a sample of epithelial dysplasia, some of the basal epithelial cells expressed TRPV2 in the cytoplasm, while others did not stain for it \[[Figure 3c](#F3){ref-type="fig"}\]. On the other hand, carcinoma *in situ* exhibited quite a unique TRPV2 expression pattern. It was detected in some of the neoplastic suprabasal cells but was absent in the basal cells and superficial cells \[[Figure 3d](#F3){ref-type="fig"}\].

![Immunohistochemical characterization of transient receptor potential vanilloid 2 expression patterns in healthy bulbar conjunctiva, pterygium, epithelial dysplasia, and carcinoma, respectively. Transient receptor potential vanilloid 2 was present in the epithelial basal layer in the cytoplasm of conjunctiva (a, arrows) and pterygium cells (b, arrows). (c) In an epithelial dysplasia tissue, some of the basal epithelial cells expressed transient receptor potential vanilloid 2 in the cytoplasm while others did not stain for it. (d) Transient receptor potential vanilloid 2 was present in some of the neoplastic suprabasal cells (open arrowheads) but not in the basal cells and superficial cells. Dotted line in Frame D designates localization of the basement membrane. Insert in each frame shows higher magnification picture. Scale bar designates 100 μm (a-d) or 25 μm (for inserts)](TJO-10-106-g003){#F3}

Transient receptor potential vanilloid 3 {#sec2-5}
----------------------------------------

The TRPV3 expression pattern also markedly differed among tissue samples obtained from subjects with a different diagnosis. This TRP channel isoform was present in the cytoplasm of the epithelial cells in all its layers and also in the nuclei of some of the basal cells but less frequently in the conjunctival and pterygium suprabasal cell nuclei \[Figure [4a](#F4){ref-type="fig"} and [b](#F4){ref-type="fig"}\]. In epithelial dysplasia tissue samples and carcinoma in situ, TRPV3 expression was present in all of the epithelial cell layers in all their nuclei \[Figure [4c](#F4){ref-type="fig"} and [d](#F4){ref-type="fig"}\].

![Immunohistochemical characterization of *in situ* transient receptor potential vanilloid 3 expression patterns in healthy bulbar conjunctiva, pterygium, epithelial dysplasia, and carcinoma, respectively. Transient receptor potential vanilloid 3 immunoreactivity was detected in the cytoplasm of the epithelial cells and also in the nuclei of some of the basal cells (arrows) and less frequently in the nuclei of the suprabasal cells in conjunctiva (a) and pterygium (b). In an epithelial dysplasia tissue (c) and carcinoma (d), transient receptor potential vanilloid 3 was markedly expressed throughout the epithelial layers in the cell nuclei. Insert in each frame shows higher magnification picture. Scale bar designates 100 μm (a-d) or 25 μm (for inserts)](TJO-10-106-g004){#F4}

Discussion {#sec1-4}
==========

In our current study, we detected some of the TRP superfamily members; namely, TRPV1--4 and TRPA1 isoform were found in both normal ocular surface epithelial and ocular surface pathology. The following expression patterns were identified: (1) the TRPV1, TRPV4, and TRPA1 expression patterns were similar among healthy conjunctival epithelium, pterygium epithelium, and ocular surface epithelial dysplasia and *in situ* carcinoma and (2) TRPV2 and TRPV3 expression patterns were quite dissimilar among these different tissue types, although the number of the samples was limited. In this series of different cases, TRPV2 was mainly detected in the epithelial basal cells of the conjunctiva and pterygium. While during malignancy progression, the TRPV2 immunoreactivity in the basal cells was attenuated in epithelial dysplasia. Its expression became evident in the suprabasal cells in carcinoma *in situ* in association with prominent reduction of TRPV2 expression in basal cells. TRPV3 was weakly expressed in the cytoplasm of a healthy conjunctiva and pterygium with sporadic nuclear expression. On the other hand, in the neoplastic lesions, TRPV3 was markedly apparent throughout the layers in the epithelial nuclei of dysplastic or neoplastic tissues. These findings suggest that immunohistochemical analysis of TRPV2 and TRPV3 expression patterns might be a potential diagnostic marker to distinguish nonmalignant epithelial disorders from malignant/premalignant epithelial diseases.

It is also to be cleared if the expression patterns of TRPV2 and TRPV3 correlate with the cell behaviors of the neoplastic epithelial cells. TRPV3 is reportedly involved in cell proliferation of ocular surface epithelia or in inflammatory action in epidermal keratinocytes.\[[@ref10][@ref19]\] It was suggested that the upregulation of both TRPV2 and TRPV3 might be related to the degree of epithelial tumor malignancy.\[[@ref20][@ref21]\]

A study indicated a reduction of TRPV1, TRPV2, and TRPV4 expression levels and an increased level of TRPV3 expression in epithelium of a primary pterygium as compared with normal conjunctival.\[[@ref17]\] The findings in the pterygial epithelium were not identical to our data, although the exact reason, for example, racial difference, is to be explored. These authors report that the expression of TRPV3 was more marked in the pterygial epithelium as compared with a healthy conjunctival epithelium that coincides with our data. The epithelium of pterygium tissues exhibited strong, mainly nuclear, TRPV4. Although the exact roles of nuclear TRPV4 are to be explored, nuclear TRPV4 was reportedly in other cell types, i.e., retinal pigment epithelial cells.\[[@ref22]\]

Another report by a different group reported that in rabbit and human eyes, TRPV1 protein expression was limited to the conjunctival basal layer.\[[@ref18]\] Our finding indicates that TRPV1 was instead present throughout all of the conjunctival epithelial layers. There is no explanation for this discrepant result and requires further investigation. One possibility is that the antibodies used had different binding characteristics.

The use of TRP expression patterns to provide signature diagnostic markers of different conditions was performed in the skin. TRPV1, TRPV2, TRPV3, TRPV4, and TRPA1 are present in the cells of healthy epidermis and epidermal tumors.\[[@ref7][@ref8][@ref9]\] TRPV4 expression was reportedly suppressed in skin cancer but not in ocular surface carcinoma.\[[@ref9]\] The epidermis is a stratified epithelium in the body, but unlike the conjunctival epithelium, it is keratinized. Therefore, it is possible that its TRP superfamily member expression pattern in epidermal keratinocytes differs from that in the conjunctival stratified epithelium. It remains to be determined if TRP member expression pattern alteration underlies how epithelial carcinogenesis develops.
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